(19) 



(12) 



Europdlsches Patentamt 
European Patent Office 
Office eur pten des brevets (11) EP 0 653 485 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
17.05.2000 Bulletin 2000^20 

(21) Application number: 94203197.2 

(22) Date of filing: 03.1 1 .1 994 



(51) Int Cl7: C1 1 D 17/00. 01 1 D 3/39, 
01 1D 3/386 



(54) Detergent composition 

Waschmittelzusammensetzung 
Composition d^tergente 



(84) Designated Contracting States: 


(72) Inventors: 


OH DE ES FR GBIT LI NLSE 


• Tsaur, Liang Sheng 




Edgewater, NJ 07020 (US) 


(30) Priority: 12.11.1993 US 150701 


• Shen, ShiJI 


12.11.1993 US 151605 


Edgewater, NJ 07020 (US) 


(43) Date of publication of application: 


• Aronson, IMichael Paul 


Edgewater, NJ 07020 (US) 


17.05.1995 Bulletin 1995/20 


• f\)calyko, David Joseph 


(73) Proprietors: 


Edgewater, NJ 07020 (US) 


• UNILEVER N.V. 


(74) Representative: 


3000 DK Rotterdam (NL) 


Kan, Jacob Hendrik, Dr. et ai 


ueoiyriaieu vyoniracung ouieo. 


Unilever N.V. 


CH DEES FRIT LI NL SE 


Patent Division 


• UNILEVER PLC 


P.O. Box 137 


London EC4P4BQ(GB) 


31 30 AC Vlaardingen (NL) 


Designated Contracting States: 


GB 


(56) References cited: 




EP-A- 0 356 239 WO-A-92/20771 







CQ 
in 

00 

CO 
U) 
CO 



a 

lU 



Note: Within nine months from the pukslicalion of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 

PfMadbyXtroK (UK) Business Saivlces 
2.16.7 (HRS)/3.6 



THIS PAGE BLANK (uspto) 



EP0 653 485B1 



Description 

FIELD OF THE INVENTION 

5 [0001] TTie present invention relates to a novel capsule capable of protecting sensitive active ingredients (e.g.. 
enzymes, peracid bleaches or bleach catalysts) in liquid detergent conf^)osrtions and to liquid detergent compositjons 
comprising the capsules. 

B/\CKORQUND» PRIOR ART 

10 

[0002] It is well known in the art that liquid detergents may provide a hostile environment to sensitive ingredients 
(e.g.. enzymes, peracid bleach, bleach catalysts or perfumes) used in these detergents. For example, enzymes are 
subject to attack by. anionic actives, high pH conditions and/or by other enzymes. Bleaches, in particular peracid 
bleaches (such as taught in U.S. Patent 4.909,953 and WO/90,14,336, for example), are known to be particularly harsh 
IS on enzyme components. Encapsulation has been used to protect these sensitive ingredients in Ik^uid detergent. 

[0003] One approach to protecting these sensftive ingredients is to In fact use a polymer shell surrounding the 
active component to protect the component. This approach has been used, for example, in GB 1 ,390.503 to Unilever: 
in EP 266,796 to Showa Denko; and in U.S. Patent No. 4,777,089 (Lion Corp.). 

[0004] While such an approach has been effective in protecting active components such as enzyme or enzymes 
20 from being attacked by other enzymes or harsh surfactants, this type of capsule does not provide an effective barrier to 
protect the component from being attacked by bleach. Bleach molecules can penetrate rapkJly through the polymer 
coating and interact with the sensitive Ingredient. 

[0005] In patent applications WO-A-9322417, applicants teach an encapsulating polymer system comprising a 
hydrophilic water soluble polymer or polymers chemically or physically attached to a hydrophobic polymer core parti- 
25 cles. Although these applications teach a kind of "web-like** capsule created by the hydrophilic molecules entangling 
and forming an encapsulating net over the core, this "net" is still too porous to protect the active component particularly 
when the liquid composition is a bleach containing liquid composition 

[0006] Another method whk:h has been used to protect active components from the liquid medium is to place the 
active in a hydrophobic oil such that the active is protected by the oil from diffusing into the composition where it is sub- 
30 ject to degradative attack. 

[0007] Each of U.S. Patent 4.906,396 to Falholt et al. ; EP 356,239 to Allied Colloid; and EP 273.775, for example, 
provide enzymes protected by hydrophobic oils. 

[0008] The use of a hydrophobic oil alone, howe/er. does not provkie sufficient protection, particularly when the 
conposition also contains powerful degradative components such as the peracid bleaches mentk>ned abova This may 

35 be because the hydrophobic oils were simply not selected carefully enough to deter migration of the degradative com- 
ponents toward the active or, conversely, migration of the active toward the degradative component 
[0009] US. Patent No. 4,906,396 to Falholt et al. discloses a detergent enzyme dispensed in a hydrophobic oil. As 
seen In the examples which follow, the hydrophobic oil is sinpty incapable of slowing degradation of the enzyme, for 
example, when placed in a bleach containing liqukJ composition. Again, whether this is because the hydrophobic oil was 

40 not properly selected to sufficiently slow migratton of enzyme to bleach or visa versa is unknown. However, the hydro- 
phobic oil alone simply does not function effectively such as the capsules of the subject invention. 
[0010] In WO 92^0771, Allied CollokJs Limited teaches a particulate composition comprising particles having a 
substantially anhydrous core conprising a matrix polymer containing active ingredient, a layer of hydrophobic oil around 
the core and a polymer shell around the oil. It is said that the matrix polymer (which contains the active) should be suf- 

4S f kdently hydrophobic that it will partition Into the oil rather than the water. 

[0011] The problem addressed by the patent is that, without the hydrophobic matrix polymer, the active migrates 
out of the oil too quickly and won't stay in the oil. In other words, the oil layer is incapable of holding a hydrophilic particle 
without the hydrophobic matrix polymer. Although the retention of a hydrophilic active ingredient by the oil can be 
enhanced by entrapping the active ingredient with a hydrophobic matrix polymer, this requires modifying the active 

50 Ingredient with hydrophobic matrix polymer before making the capsule. This in turn both is costly and causes the prob- 
lem of not rapidly and efficiently releasing the active ingredient in use. 

[0012] The subject invention differs from the reference in that the oil layer of the subject invention Is selected such 
that it can retain a hydrophilic active in the absence of matrix polymer. Further, as noted above, since the active is not 
associated with a hydrophobic matrix polymer, it is more readily and efficiently released in use (e.g., when the polymer 
65 shell is dissolved). 

[0013] Accordingly, there is a need in the art for some kind of capsule composition which more effectively protects 
active ingredients, particularly hydrophilic ingredients, from bleaches or other harsh components found In the detergent 
oonrposition. 
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system comprises: (1) an oil dispereion containino ttTa^-l ^ 1 ^ -f^^*^ "^^ said c^ule 

«^ 

lauryl suliate; (2) the abVity to suspend said aofive STi^^n ''°'«3in,ng 0.5 wt.% sodium 

(c) a polymer shell surrounding the oil dispersion of (b)- 

than gum. cellulose and protein POiyacryiamide. polyvinyl pyrrolidone. canageenan. guar gum. xan. 

Kj is;sr^^!:sr.sra^re^^^ 

(b) a capsule composition as described above for use in said conuosition. 
DETAILED DESCRlPTinM THE INVFMTir.M 

comprising these capsules. ^ ^ ^ to compositions 
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40 comprising these capsules. 
Capsule sygf^ 
[0021] 



Oil Compn^ftnt 



55 



iSn ar?dred S^n'^IS SdS 'Tr^?'^ °" ^« °" «>-P-ents of the 

dispei^ion in an ^uel^ZTt^ZrmZto.SlT^l^ below: (1) by their ability to retain active in the 

over.ime:and{3)byth^rat«CoSK:SSj^ 
meetaathreedelhedcrftenatobesele^tedastheoil^Zi^fS^^^ 
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[0024] According to the first criteria, the oil component is defined by its ability to retain at least 80% active, prefer- 
ably 90% after adding the active in oil dispersion to an aqueous solution containing 0.5 wt% of surfactant for an hour 
without mixing. Testing was done using sodium lauryl sulfate although any suitable surfactant may be used. 
[0025] A second criteria by which the oil component is defined is its ability to hold the active in place and to prevent 
5 the active from diffusing or precipitating out of the oil phase. The stability of active in oil dispersion can be determined 
by adding the active In oil dispersion to a 10ml graduated cylinder and measuring the phase separation of the active 
from the hydrophobic oil. It should be less than 10%, preferably less than 5% of phase separatton when measured at 
37"C for 1 week. 

[0026] The last criteria used to define the oil component is its ability to rapidly and effectively release the active in 
10 use. The oil release property can be determined by a standard TergO-Meter washing method. Terg-O-Meter are well 
known in the art such as, for example Terg-O-Tometer UR7227. In these devices, generally, 500 mis of wash liquid are 
agitated at above 70 rpm for about 20 minutes using desired wash liquid. 

[0027] Tlie capsules of the invention were tested using 1000 mis at 100 rpm for 15 minutes at 40''C. 

[0028] The capsule should release more than 50%, preferably more than 70% of the active after the first five min- 

15 utes of the wash cycle when measured at AQ'^C. 

[0029] The hydrophobic oil component can be a liquid or a semisolid at room temperature. Liquid oils alone with a 
viscosity of less than 1 0,000 centipoises (cps) such as mineral oils, silkxxie oils or vegetable oils are not suitable for this 
invention and require modification. These oils do not have the capability to hoM and retain hydrophilic actives and do 
not provide a sufficient protection to the active in a liquid detergent. The preferred liquid oil components are oils con- 

20 taining hydrophobic particles with particle size less than 3^, preferably less than 1^. more preferably less than 0.1^. 
Examples of such hydrophobic particles are hydrophobic silica such as Cabot*s Cab-O-Sil TS 720 and Cab-0*Sil TS 
530 or Degussa's Aerosil 200; and hydrophobic clay such as Rheox's Bentone SD-1 . These hydrophobic particles can 
be incorporated into the oil physically I.e.. simply by mixing the oil with the hydrophobic particles or chemically, i.e.. 
through the chemical interaction of oil with the surface of the particles. The preferred hydrophobic particles are submi- 

26 cron sized hydrophobically nxxiified fumed silica such as CabO-Sil TS 720. These hydrophobic particles can enhance 
the suspension of active in the oil and also increase the capability of oil to retain the active in an aqueous solution. Typ- 
ically the amount of hydrophobic particles in the oil is less than 15%, preferably less than 10%. nx3re preferably less 
than 5% but more than 0.5% should be used. 

[0030] In preferred embodiments of the invention, the oil component is defined by the fiact that it is a semisolid 
30 rather than a liquid at room temperature. Spedficaily, when the component has a melting temperature of from atx)ut 
SS^C to 70°C, preferably 40°C to 65°C, the semisolids are found to retain tiie active more readily. Moreover, such mate- 
rials release active under wash condition rapidly enough to give wash performances conrparable to compositions in 
which enzymes have been newly ackled. Since these semisolid oils will also slow migration of active out of the oil phase 
or slow migration of bleach and other harsh components toward the active, they are again prefenred. 
35 [0031] The semisolid oils are petrolatums such as Penreco*s Penreco Snow. Mineral Jelly and Tro-Qrees; Witoo*s 
Multiwax; and fats (e.g., glyceryl ester of C12-C24 fatty acids] or fat derivatives such as mono-, di- or tri-glycerides and 
fatty alkyl phosphate ester. Hydrophobic particles such as hydrophobic fumed silica are also desirably incorporated into 
these semisolid oils to further enhance their ability to retain actives, especially when the capsule of this invention is 
processed or stored at a temperature ck)se to or above the melting point of the semisolid oils. 
40 [0032] The oil around tiie active will generally comprise about 98% to 40%, preferably 90% to 70% of the active in 
oil dispersion. 

Polymer Cpgting 

45 [0033] The second component of the capsule system is the polymer coating surrounding the active in oil dispersion. 
[0034] The polymer suitable for this invention must be insoluble in the composition of the liquid cleaning product 
and must disintegrate or dissolve during the use of the product simply by dilution with water. pH change or mechanical 
forces such as agitation or abrasionrThe polymers are water soluble or water dispersible polymers that are^or can be ~ ~ 
made insoluble in the liquid detergent composition. Such polymers are described in EP 1,390.503; U.S. 4.777,089; U.S. 

50 4,898,781 ; U.S. 4.908.233; U.S. 5.064.650 and WO-A-932241 7. 

[0035] These water soluble polymers display an upper consulate temperature or doud point. As is well known in 
the art (R Molyneaux, Water Soluble Polymers CRC Press. Boca Raton. 1 984). tiie solubility or cloud point of such pol- 
ymers is sensitive to dectrolyte and can be "salted out** by tiie appropriate type and level of electrolyte. Such polymers 
can generally be effidentiy salted out by realistic levels of electrolyte (<10%}. Suitable polymers in tiiis class are syn- 

56 thette nonionic water soluble polymers including: polyvinyl alcohol; polyvinyl pyrrolidone and its various copolymers witii 
styrene and vinyl acetate; and polyacrylamide and its various modification such as those discussed by Molyneaux (see 
above) and McCormick (in Encydopedia of Polymer Sdence V 1 1 7, John Wiley. New York). Anotiier class of useful pol- 
ymers are modified polysaccharkles such as carrageenan, guar gum, pectin, xantiian gum. partially hydrolyzed cellu- 
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centration. yet wcxild dissolv^Sr^?^^ J''""^ "!^^^ P^«^"ng electrolyte con- 

polar polymers is well within the scopeSL^^^ 

dple set forth. ^ ^'""^ ^ S^neral requirements are known and the prin- 



IS 



20 



30 



an aqueous solution ofa««,ersoluble'o?vSjSSe^^^ 

an electrolyte is added or a pH change or a pressuTe Z^S^s^Sc^d^^S^^ ' T" = *^ '"^ 
vafion process are desaibed in U.S 4 777 089 iJ S^X n^rT.^o^*'®'^^^"'®- ^xamplesof thiscoacer- 
formedbyaddingtheemulsjonof attlvJS^^^^^ 'f'-'f'- SWIarly. the capsule can be 
and the emulsification process are crWcal becS^^tl iSf ^ ? ^ ™"^'^ent. In this process, the oil conpositlon 
emubifk^tion Of the aSve in oSC?^';^^^^^^ 

alica. are especially useful to help tt^e retention Sa^JtT^^ZS^iT^^ ^^^^ 

ficient amount of the hydrophobic partid^o^rteSS ditii ^T* The oil should contain a suf- 

S2srb^2:ro:i-^^^ 

o^.S^.ra';"^r3^^S^^^^^^ extrusion nozzles as taug" in US. 3.310.6,2. US. 

inert orSiceof the nozzle. SimuSir«5Sa er^^ 
nozzle to Ibm, a unHbrm coating on the'su^S^^ ^ 

coextrudate at the end of ttie nozzle orifice by air ^^Z^^T^- T"'^ 'leaking the 

ened in a nonsoh^ntof the wmer-solubirpSJir^t *e^ 



35 [0039] "The active materials which are desired to be encansulatarthv . .... 

rials which will lose their activity in a deanina ornd.*^ !I^n »^ ! °^ ^'^ "^^"^^ those mate- 
hydrophcbic oil coating is added ao^^ J thKl^^ "^*-«^'"'"9 cleaning product, if no 
Mrophi,icactive(ag.^nzymeorSlS5rry^^^^^ 

aqueous solution. If it is a solid material, the paSte ste of ^^^^ ^"^ ^" ^ « in 

50Mm. Of course. Since a hyd«,phobic a<Ji^ getrat rla^L ^iiS"? ^ 'T !^ 

degraded by hareh conponent^n compositroi SieTJSi^ rfStl? ^ ^ ^^^^ ^ ^enemlly not readily 
ingredient isa hydrophilicona HydrophraSeroSfn?^ 

activators and optical brightenere. ™'*'^'™'^®«'«>™e6' "each catalysts peracid bleaches, bleach 

10040] One preferred ingredient of the capsules disdosed herein is an on^» 

proteases, lipases, oocidases. ceiyases or mLrS th^^ wX^i!^ ^^^^es. 
can be thosederivedfrom bacteria or f^7Z7^^^^^!^' "^r"" P'*^^"* ^""^ 
ification Na 1 .296,839. cultivated from W^iSof eSc K."^ British Patent Spec- 

6S98. ATCC 1 1.945. ATCC 8480 and Afccl^A A S^,^ ^^CC 6334. ATCC 

and distributed under the trade name. Ter^b^^Xl^,^T^^^^^ 
so enzymesaregeneralVsddasgranule;a^^h^=5^J«^^^ Copenhagen. Denmark. These amylolytic 
Idytic enzyme is normally induS^r^^^m T^^^To ZT'"'^!^!'!!'''^ units/milligram. The aiy- 
20% by waght of from 1% to 40% by weight of the capsule, in particular from 5 to 

Sare oJSnSrX^a'TstS^^^^ su«able proteo^ enzymes are the subtilisins 

6s thetrade names Maxatase. supplied by S B^t il? nill^lT' ^"*f«*«««>'"'"ercially available under 
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activities of from about 500 to 50.000 glycine unitsAmilligram. The proteolytic enzyme is normally included In an amount 
of from 1% to 40% by weight of the capsule, in particular of from S% to 20% by weight. 

[0042] Lipolytic enzymes may also be included in order to improve removal of fatty soils. The lipolytic enzymes are 
preferably included in an amount of from 1 % to 40%. preferably from 5% to 20% by weight Cellulase enzymes may be 
5 used in an amount from about 1 % to 40% by weight of the capsule. 

[0043] The total content of the enzyme in the capsules of the present invention is from 1% to 40%, preferably from 
5% to 20%. 

[0044] It should be understood that the enzyme may also be a genetically engineered variation of any of the 
enzymes described have engineered to have a trait (e.g., stability) superior to its natural counterpart 
10 [0045] The protected active may also be peroxygen compound activators, peracid bleaches, bleach catalysts, opti- 
cal brighteners or perfumes. 

[0046] Peroxygen compound activators are organic compounds which react with the peroxygen salts (e.g. sodium 
peitx)rate. percarbonate, persilicate) in solution to form an organic peroxygen add as the effective bleaching agent. 
Prefen'ed activators include tetraacetylethylenediamine. tetraacetyglycoluril, glucosepentaacetate, xylose tetraacetate, 
IS sodium benzoyloxybenzene sulfonate and choline sulfbphenyl carbonate. The activators may be released from the cap- 
sule to combine with peroxygen compound in the composition. 

[0047] When activator is included, the ratio between the peroxygen in solution and the activator lies in the range of 
from 8:1 to 1 :3, preferably 4:1 to 1 2, and most preferably is 2:1 . 

[0048] Although peroxyadds are generally contemplated for use in ^e composition rather than the capsule, peroxy- 
20 acid compounds may be used as the active in the capsule as well, particularly in compositions where conditions are so 
harsh as to deactivate the peroxyadd. 

[0049] Q^rally the peroxyadds are amido or imido peroxyadds and are present in the range from 0.5 to 50%, 
preferably from 1 5 to 30% by weight of the capsule. Preferably, the peroxyacid is an amide peradd. More preferalsly, the 
amide is selected from the group of amido peradds consisting of N,N*-Terephthaloyl-di(6-aminopercarboxycaproic add) 

26 (TPCAP), N.N'-Di{4-percart)oxybenzoyl)piperazine (PCBPIP). N, N -Di(4-Percart)oxybenzoyl)ethylenediamine 
(PCBED). N.N'-di(4-percartx)xybenzoyl)-1 ,4-butanediamine (PCBBD), N,N -Di(4-Percartx>xyaniline)terephthalate 
(DPCAT). N,N-Di(4-Percarboxybenzoyl)-1,4-diaminocydohexane (PCBHEX), N,N'-Terephthaloyl-di(4^amino peroxyb- 
utanoic acid) (C3 TPCAP analogue called TPBUTY) N,N'-Terphthaioyl-di(8-amino peroxyoctanoic add) (C7 TPCAP 
analogue called TPOCT). N.N'-Di(j3ercart)oxyadipoyl)phenylenediamine (DPAPD) and N.N*-SuGdnoyl-di(4-percar- 

30 boxy)aniIine (SDPCA). Such compounds are described in WO 90/1 4.336. 

[0050] Other peroxyadds which may be used include the amidoperoxy acids disclosed in U.S. Patent Nos. 
4,909,953 to Sadowski and U.S. Patent No. 5.055,210 to Getty. 

[0051 ] Also, the active inside the compounds may be a bleach catalyst (i.a for activating peracids found in the com- 
position outside the capsule). 

35 [0052] Examples of such catalysts include manganese catalysts of the type described in U.S. Patent No. 5.153.161 
or U.S. patent No. 5.194.416, botii of which are incorporated by reference into ttie subject application; sulfbnomine cat- 
alysts and derivatives such as described in U.S. Patent Nos. 5,041 ,232 to Batal, U.S. Patent No. 5.045,223 to Batal and 
U.S. patent Na 5,047,163 to Batal. 

[0053] More particularly, manganese catalysts indude. for example, manganese complexes of the formula: 

40 

[LMn'V(0R)3lY 

wherein: 

46 Mn is manganese in the +4 oxidation state; 

R is a C1-C20 radical selected from the group consisting of alkyi, cydoalkyi, aryl, benzyl and radical cont)inations 
thereof; at least two R radicals may also be connected to one another so as to form a bridging unit between two 
oxygens that coordinate with the manganese; 

L is a ligand selected from a Ca-Ceo radical having at least 3 nitrogen atoms coordinating with the manganese; and 
50 Y is an oxidatively-stable counterior. 

[0054] The sulfonomines include compounds having the structure: 

R^r2c=NS02R^ 

65 

wherein: 

R'' may be a substituted or unsubstituted radical selected from the group consisting of hydrogen, phenyl, aryl, het- 



6 



EP06S3485B1 



IS 



20 



erocyclic ring, alkyt and cycloalkyi radicals 



ring. alkyi cydoalkyl. nitro. hatoandQ-SjTSf """'"""^ °f P^^' heterocyclic 

R wthR ««''^«HhR3„«yrespec«ve,ytoge«,erfbrmacydo^M.heter«ydi^^ 
[0055] Sulfanomine derivatives include compounds having the structure: 



10 

O 



/ \ 

R^R^C - NSO,R^ 



wherein: 



25 



0 

/ \ 

R^C - NSOjR^ 



"Sl!^^ T!*:^'^- "^^ ^"^ ca*oaltoxy radicals: 

R «th R^^xl With R3 ™y .e^ely toge.herft,,n,acyclo.M. ^^^^ 

Ss.Cr:,S1i^o"mCS"^"^'"^ 

^ 100581 As memionedalx,ve. the actives may also be optical brigmeners or perfumes. 

Composltinng 
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anionic and a nonionic surfactant the ratio thereof may vary Irom about 10:1 to 1 :10. TTie term anionic surfactant used 
in this context includes the alkali metal soaps of synthetic or natural long-chain fatty acids having normally from 12 to 
20 cartx)n atoms in the chain. 

[0064] The total level of electrolyte(8) present in the oonrposition to provide stmcturlng may vary from about 1 .5 to 
5 about 30%. preferably from 2.5 to 25% by weight. 

[0065] In addition to the components discussed above, the heavy duty liquid detergent conpositions of the inven- 
tion may also contain certain optional ingredients in minor amounts. Typical examples of optional ingredients are suds- 
controlling agents, fluorescers. perfumes, coloring agents^ abrasives, hydrotropes. sequestering agents, enzymes, and 
the like in varying amount. 

10 [0066] Bleaches used in the invention may be any of those desaibed in U.S. patent No. 4,992,1 94 to Liberati . Per- 
Qxygen salts include salts such as sodium pertx>rate. tetrahydrate or monohydrate, percart)onate, persilicate. persul- 
^e. dipersuHate and the like. Other peroxygen compounds include perphosphates. peroxide and perpolyphosphates. 
As indicted above, the peroxygen salts may be activated by activators which may be encapsulated actives. 
[0067] The decoupling polymer is also as disclosed in U.S. Patent No. 4,992,194 Liberati. The bleaches may also 

IS be any of the peracid bleaches described in the "actives" section (i.e., the mono- or di- percartxucylic amido or imido 
ackJs) or the amido peroxy acids disclosed in U.S. Patent Nos. 4.409.953 and 5.055,210. 

[0068] In a preferred embodiment of the invention, the composition is a peracid bleach containing composition and 
the capsule of the invention (first emt)odiment) protects the active (e.g., enzyme or bleach catalyst) from the action of 
the peracid bleach (and other harsh components) in the liquid compositions. In this embodiment of the invention, the 
20 peracid bleach may be any of the peracid bleaches described above and are preferably amides selected from amido 
peracids such as TPCAP, PCBPIP, PCBED and any of the other above recited amides peracids when used In the com- 
position, the peracid will comprise 0.1% to 50% by weight, preferably 0.5% to 25% by weight, more preferably 1 to 1 0% 
by weight of the composition. 

[0069] TTie following examples are Intended to further illustrate and desaibe the invention and are not intended to 

25 limit the invention in any way. 

EXAMPLE? 

Preparation of Capsule and Detergent Cgmpogitjon 

30 

[0070] The capsule of this invention was prepared as described below using an enzyme slurry available from 

NOVO, 

[0071] One part of a commercially available silicone enzyme slurry Savinase 16SI7SR (ex. Novo^ 3.5 x 10^ GU/g 
Savinase activity) was added to two parts of neutralized Acrysol ASE-95 (which is a cartx}xylic acid containing polyacr- 

35 ylate latex) aqueous solution (ex. Rohm & Haas, 1 .5 wt.%, pH = 7.3-8.0). The mixture was stirred with an overhead stir- 
rer for 20 minutes to form an enzyme-in-oil-in-water emulsion. The emulsion was added and hardened in an acid bath 
(98% water and 2% cone. I-I2SO4) using a Micro Dropper (Thies Technology) to form a matrix enzyme capsule of about 
1 .000 micrometers with 2.4 x 10^ GUfg enzyme activity. The capsule was hardened in the acid bath for 40 minutes and 
stored in glycerol for further usa 

40 [0072] TTiis capsule was incorporated into the liquid detergent formula having the conposition shown in Table 1 
below: 
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Examplq 1 



TABLE 1 



BASE hOHMUU OF LIQUID DETERGENT 



Water 

Sorbitol (70%) 
Glycerol 

Sodium Borate 10H20 
Sodium Citrate 2H20 

Narlex DC-1 (ex. National Starch & Chem.)* 
50%NaOH 

DB100 (Dow Chem.) (Antifoam) 
AlkyI Benzene Sulfonic Add 
Neodol25-9(Nonionic) 



Total 



24.8 
15.8 
4.76 
4.76 
9.52 
3.0 
5.43 
0.1 

21.83 

10.0 
100.00 



SpSf ^no.""^*^^"^ contained sufficient «..,uuru me 
SBPB to have 1000 ppm active oxygen and was stored at 37-C. 



amount of the peracid 



• Hy*ophobicany modified pdyacrylic add aqueous solution having a 
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[0073] 'n Older to show that the capsule Dreoarad as d«»«rihoH 

the procedure set forth in U.S. Patent No 4 SeTSSn^TIf ^'^""^ ^"'^^ ««»««'"fl *> 

(ex. Nc^)) in the detergent conpositionteJSfn tSe^^^^^^^^^ ""^^ ^"-^ 

n>Jag>holpo|ystyrene,c^^^ 

[0075] The results are set forth in the Tal}le below: «euon^o.ui.94. 



40 



45 



SO 





% Residual Activity 


Days 


Liquid* 


PVA/PS 


Slurry** 


Capsulet 


0 


100 


100 


100 


100 


2 


0 


0 


44 


95 


6 






<5 


68 



*• Slurry - Savinase 16 SL/SR 
t Capsule 



ss 
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[0078] TTie example clearly shows that the use of both an oil or slurry layer gnci encapsulation is superia to either 
one alone. 

5 

[0079] In order to determine the stability of enzyme used in compositions comprising bleach peracids when the 
enzyme is protected by the capsules of the invention, the stability of Savinase was tested In composition comprising 
one of two peradds. N,N'-Di(4-PercarbQxybenzoyl)plperazine (PCBPIP), or N,N'*terephthaloyl-di (6-aminopercartx)xy* 
caproic acid) (TPCAP). While the presence of peracids would normally destroy all enzyme activity almost immediately, 
10 the following results were seen using the capsules of the invention. 



15 



Time (days) 


PCBPIP % Residual 
Enzyme Activity 


0 


100 


2 


99 


6 


117 


13 


77 


17 


57 


20 


67 


31 


38 


Time (days) 


TPCAP% Residual 

Enzyme Activity 


0 


100 


4 


68 


7 


58 


16 


65 


23 


44 


42 


32 



[0080] Capsule composition is that of preparative example (Table 1 above). Stability studies conducted at 37°C in 
40 the same HDL as Table 1 except that it contained one of the two peracids dosed at 1000 ppm of active oxygen instead 
of SBPB 

[0081] TTie efficiency of the capsules can be clearly seen. Again this example shows efficiency of encapsulated 
slurry. 

^ Example 3 

[0082] In order to make sure that enzyme is released into wash from the capsules, applicants tested percent activity 
released over time and the fbllowing results were observed. 



Time (minutes) 


% Activity Released 


0 


14.6 


5 


75.9 


10 


100.00 



10 



IS 
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(continued) 



Time (minutes) 


% Acttvrty Released 


15 


96.5 


Conditions: 40^C+120 ppm Ca^^ 



^ "^^'^ P*^^ ''^"'^ composition described above (Table I) 
[0084] As can be clearly seen release from capsules is more than 70% at tho 
10 after i o minutes. The example again shows that the e^^a^ olL^^^^^^ ' ^"^P'^*^ 

Exampte 4 and 5 and Compan^tivcy r 

[0085] In order to show that some hydrophobic oils wen* <uinorinr *fs ^h^^ . ^ . ^ 

testedin various oilsJtshouWbenotedLeS.^d^^^^ 

[0086] -^e^ec.K^al.y.s.u.ry^mpositionsweremadeccJri^^ 





Composition 


Savinase Activity (GU/g) 
of Sluny 


Slurry Composition 1 ^ 
Slurry Composition 2 (comparative) 


/0% Rodisil LV461 (Silicone antilbam 10.000 " 
cps); and 30% Savinase concentrate 
70% SOfcone oil 30% Savinase concentrate 


1.6x10^ 
2.4x10' 


Slurry Composition 3 (comparative) 
Slurry Composition 4 


60% Mineral oil 40% Savinase concentrate 

36% Mineral oil 24% Petrolatum 40% Savinase 
concentrate 


2.7x10' 
2.7x10' 



55 



40 



Original activity (as set forth inmetableS)S?ti^^^^^ 
sule when measured after 3 days at 37-C. rdZZZttScS 



45 


Example 4 


Savianse Activity in Cap- 
sule 

4.5x10° - - 


% of Original Activrty this 
Represents 


% Residual Activity After 
3 Days at37°C 


SO 


Comparative A 


2.7x10^ 


28% ■ 

ii% 


50% 
0% 




Comparative B 


1.2x10^ 


0.4% 


3% 




Examples 


1.0x10® 


3.7% 


25% 



55 
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lost enzyme activity rapidly in the bleach containing liquid. Addition of petrolatum to mineral oil (Exanrple 5) can 
enhance the oil trapping efficiency during capsule preparation and can also dramatically enhance the performance of 
the capsule. The same result was observed by using Rhodisil LV461 , which is a silicone oil containing hydrophoblcally 

modified silica. 

5 [0092] T?ie examples shows the oil composition is not only important to the trapping efficiency of enzyme during 
preparation of the capsule, but is also critical in enhancing enzyme stabifity when enzyme Is used In a peracid-oontain- 
ing heavy duty liquid detergent 

[0093] While not wishing to be bound by theory it is believed that those oils having the capability to stop the enzyme 
from dispersing or diffusing out of the oil and the capability to minimize the penetration of harsh detergent ingredients 
10 into the capsule during capsule preparation and storage are the ones which show greatest yield and residual activity 
over time. 

Examples 6-9 and Comparative Examples C. D & E 

IS [0094] The following examples are used to show the preparation of the capsule and the effectiveness of the cap- 
sules in protecting actives/enzymes relative to the closest prkir art 

Preparation of Capsule Compositions 

20 Oil Slurries 

[0095] Enzyme dispersions were first prepared by dispersing Savinase enzyme particles (protease) in various oils 
using Dispermate (UMA-GETZMANN) at 2000 rpm lor 10 minutes: The following seven (7) oil cfispersions were pre- 
pared: 





Oil(%bywt.) 


Savinase particle (% by 
wt) 


Comparative C 


92% SAQ1000 Silicone Antifbam (Union CarbkJe) 


8% 


6 


92% Rhodosil LV461 Silicone Antifoam (Bhone-Poulenc) 


8% 


Comparative D 


92% Silicone Oil 10.000 (Union Carbide) 


8% 


Comparative E 


95% Mineral Oil (Fisher) 


8% 


7 


88.7% Mineral Oil (Rsher)/3.7% Cart)osil TS720 


8% 


8 


92% Tro-Gress (penreoo) 


8% 


9 


92% Snow WNte Petrolatum (Penreco) 


8% 



* This was considered to be a comparative because the enzyme particles phase separated out of the oil during 
storage. 



Capsules 

45 

[0096] Core shell Savinase enzyme capsules (as distinct from the matrix capsule preparation) were then prepared 
by encapsulating the enzyme dispersions noted above with a polymer solution containing polyvinyl alcohol (Airvol 540} 
and Acrysol ASE-60 (which is an alkali-soluble emulsion thickener from Rohm & Haas) using a concentric triple nozzler 
[0097] Specifically, the enzyme-in-oil dispersion was fed through the inside orifice, the polymer aqueous solution 
50 was fed through the middle orifice and a compressed air was passed through tiie outside orifice to make enzyme cap- 
sules of 600 to 800 micrometers. These capsules were hardened and stored in a salt solution containing 15 weight per- 
cent of sodium suHiate and 2 weight percent of sodium k3orax with a plH in a range of 6 to 7. The following capsule 
examples 6-9 and Conparative Examples C-E were thus prepared from the seven dispersions. 

^ Capsule Examples 

[0098] 
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IS 



Capsule of Comparative C 
Capsule 6 

Capsule of Comparative D 
Capsule of Comparative E 
Capsule 7 

Capsule 8 
Capsule 9 



Corrposition of Capsule 



1 part enzyme dispersion 1 (silicone airtffoam) and 6. 7 parts polymer solution A* " 
1 part enzyme dispersion 2 (silicone antifoam) and 6 parts polymer solution A* 
1 part enzyme dispersion 3 (silicone oil 1 0.000) and 6.7 parts polymer solution A* 
1 part enzyme dispersion 4 (mineral oil) and 6 parts polymer solution B** 
^ part enzyme dispersion 5 (mineral oil and Carbosil) and 6 parts poV^^ 

1 part enzyme dispersion 6 (Tro-Grees 5) and 6 parts polymer solution 
1 part enzyme dispersion 7 (Petrolatum) and 6 parts polymer solution B** 



* Pdlymer Solution A contains 2.7% Airvol 540 PVA (Air nrnrinof^ i oo^ a 77Z 

"Polymer Solu.k«BoonfcUns25%Ar^,^7^?^^ 



ComnosrKons 

10099] Enzyme c^uies 6-9 and capsules comparative C-E 



95.4 wt%ofaslable liquid dete-gemi^mulal^-;^^^ 



26 



30 



35 



40 



45 



BASE FORMULA OF LIQUID DETERGENT 1 


water 

Sorbitol (70%) 
Glycerol 


24.8 
15.8 
4.76 
4.76 
9.52 
3.0 
5.43 
0.1 

21.83 

10.0 


Sodium Borate 10H20 
Sodium Citrate 2H20 


Narlex DC-1 (ex. National Starch & Chem.) 
50%NaOH 

DB100 (Dow Chem.) (Antifoam) 
AlkyI Benzene Sulfonic Add 
Neodol25-9(Nonionlc) 




Total 100.00 


pZTo^Sr" """^ ^'^'^'^ P'^^^ as descriSedTn wi 



55 
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Table 



Residual Enzyme Activity of Examples 




% Residual Enzyme Activity (when encap- 
sulated) 


% Residual Enzyme 
Activity (wtien not encap- 
sulated) 


Comparative C 


45% after 6 days 28% after 20 days 


0% after 3 days 


Example 6 


22.4% after 14 days 


0% after 3 days 


Comparative D 


35% after 6 days 1 8% days after 20 days 


0% after 3 days 


Comparative E 


38.3% after 14 days 


0% after 3 days 


Example? 


61 .7% altar 14 days 


0% after 3 days 


Examples 


76.8% after 14 days 


0% after 3 days 


Examples 


76.6% after 14 days 


7% after 6 days 



20 [0101] In order to show tfiat the capsules of the Invention function by retaining enzyme activity while the enzyme 
slurry alone (i.e., nonencapsulated) cannot and does not retain tiie same enzyme levels, applicants prepared the same 
Examples 6-9 and comparative examples C-E. but did nsi encapsulate (i.e.. right hand column of Table). The slurry only 
examples con^espond to the system used in U.S. Patent No. 4,906,396 to Rilholz. 

[0102] Tlie slun-y-only exarrples were prepared by stirring the prepared enzyme-in-oil dispersion into the same liq- 
2ff uid detergent as used in the capsule examples which contained 4.6% TPCAP peracid and was stored at 37''C. As 
noted, the residual Savinase enzyme activity of these slurry-only examples was shown in the right column of ttie Table. 
[0103] The enzyme stability data summarized in the Table clearly shows that the protected enzyme system as 
claimed tsy U.S. 4,906,396 did not provide a protection to the enzyme in the t>leach-oontaining liquid detergent. Almost 
0% of enzyme activity remained for all of the sluny-only examples after being stored at 37*C for less than 1 week. 
30 Depending on the oil used in the capsule composition of this invention. 22 to 78% of enzyme activity stiil remained after 
being stored in this bleach-containing liquid for 2 weeks. 

Example 10 - Perfbrmance 

35 [0104] TTie perfbnmance of 3 Savinase enzyme capsules (Examples 6, 8 and 9) of this invention was compared with 
a liquid Savinase in the wash for stain removal. A test dotii (AS10 Cloth, ex. Center for Test Material) stained witii 
casdn. pigments and oils was used. The performance of these Savinase capsules containing liquid detergent and the 
control sample containing the liquid Savinase was summarized in Table 2 below. Delta Delta R values, which indicates 
the whiteness of the washed cloth, show tiie capsule of tiiis invention released the encapsulated enzyme and per- 

40 formed the same as tiie free Savinasa Table 2 is set fortii below: 



TABLE 2 



ENZYME RELEASE IN WASH 


Enzyme Sample 


Delta Delta R 


Control (Savinase Liquid) 


11.0 


Capsule of Example 6 


7,9 


Capsule of Example 8 


9.3 


Capsule of Example 9 


10.5 



Example 1 1 

[0105] Another example using encapsulated lipase is described below: 

[01 06] A Lipolase enzyme particle was prepared by spray drying a mixture of 30 wt.% Lipolas 1 0OL (Novo) and 70 
wt.% of Airvol 1603/pdlystyrene latex to give an enzyme particle witii 210 x 10^ LU/g Lipolase activity A Upotase-in-oil 
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Examnles ig.id 

PreMratron of Cansnlfl Componogty^. 
PAPHn-ai Dispersions: 

25 lAfiLS. 



10 



IS 



30 



35 



45 



Oil 

PAP Crystal (wt%) 

Type wt.% 



BS 



1 Silicone Antifoam (LV461, Rhodosil) 

2 Tro-Grees (Spray S, Penreco) 



80 20 



40 3 Petrolatum (Snow White, Penreco) 



80 20 



80 20 



>»«» unto <l«inedeondillon8»« raises perSedcSSS:^^ 

Capsules: 

50 [0110] 
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PAPCore-Sh II Capsules 


Exanple 


Capsule Composition 


Capsule 12 
Capsule 13 
Capsule 14 


1 part of PAP dispersion 1 (Silicone Antifoam) and 5 parts of polymer solution 
1 part of PAP dispersion 2 parts of polymer (Tro-Grees) and 5 solution 
1 part of PAP dispersion 3 parts of polymer (Petrolatum) and 5 solution 



Composition: 

15 [01 1 2] PAP capsules 1 >3 were then formulated into a liquid detergent having the following composition: 



Tables 


Basle Formula off Liquid Detergent 


Ingredients 


Wl.% 


Sorbitol (70%) 


15.8 


Glycerol 


4.8 


Sodium Borate 10 H2O 


4.8 


Sodium Citrate 2 H2O 


9.5 


Narlex DC-1 (33%) 


2.9 


Sodium Hydroxide (50%) 


5.5 


DB 100 (Silicone antifoam) 


0.1 


BDA (Alkyi benzene sulphonic acid) 


21.8 


Neodol 25-9 (Nonionic surfactant having average alkoxylation of about 9) 


10.0 


Water 


24.9 



[0113] PAP capsule was incorporated into the formulation to give 4000 ppm of active oxygen per gram of the for- 
mulated liquid detergent. These formulated samples were stored at 37'C and the residual PAP activity of these stored 
40 samples was determined and given in the Table below. 



Table 4 



Residual PAP Activity of Examples 12-14 


Example No. 


Storage Time (days) 


Residual Activity (%) 


PAP Crystal 


2 


50 




3 


25 


Capsule 12 


4 


50 




6 


25 


Capsule 13 


8 


50 




15 


30 


Capsule 14 


15 


75 




30 


52 
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[0114] 



5 

(IWexafh^oK^hosphat/monoMS^^^ 
Preparation of Caaaiift r^mf^npntf;. 

Catalys«-in-Oil Dispersions: 
Capsules: 



50 




irsion 1 (mixture of Petrolatum and Tro-Grees) and 8 parts 



^ 101 1 9] The capsules were then fbmiulated into a liquid detergent having the following 



composition: 



Table 3 



40 



45 



so 



ss 



Basic Formula of Uquid Detergent 


Ingredients 


Wi.% 


Sodium Metaborate 


1.50 


Sodium Perborate 


10.00 


Sodium Citrate 


10.00 


Narlex DC-1 (33%) 


4.50 


BDA(97%) 


~ 20.10 


Neodol 25-9 


8.60 


Antrfoam 


0.25 


Water 


35.0 


Sodium Hydroxide (50%) adjust pH 
to 10 
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samples was determined and given in the Table below. 



5 


Example No. 


Storage Temperature 


Storage Time (days) 


Residual Activity (%) 




Bleach Catalyst (compartive) 


37 


1 


0% 






22 


1 


0% 


10 


Bleach Catalyst Capsule (Example 15) 


37 


5 


95% 






22 


5 


98% 






37 


45 


52% 


15 




22 


45 


72% 



Claims 

20 1. A capsule composition comprising: 

(a) an active which is not associated with an hydrophobic matrix polymer; 

(b) an oil cfisperslon containing said active, wherein said oil is defined: (1) by its ability to retain at least 80% 
active in oil after an hour when the dispersion of active in oil is added to an aqueous solution containing 0.5 

26 wt.% sodium lauryt sulfate: (2) the ability to suspend said active with less than 10% phase separation when 

stored at 37^0 for 1 week; and (3) by the ability to release more than 50% active after 5 minutes of a wash cycle 
when measured at 40''C; and 

(c) a polymer shell surrounding the oil dispersion of (b); 

wherein said oil is selected from at least one of the groups consisting of petrolatum, hydrocarbon oil modified 
30 with hydrophobic silica* silicone oil modified with hydrophobic silica fat. fat derivatives and fatty alkyi phosphate 

ester.; wherein said polymer of (c) is a water soluble or water dispersible polymer selected from the group con- 
sisting of synthetic nonionic water soluble polymers, modified polysaccharides, proteins and modified proteins. 

2. A capsule accading to daim 1 , wherein saki active is a hydrophilic active. 

35 

3. A capsule according to claims 1 -2, wherein saki active Is selected from the group consisting of enzymes, perackl 
bleach, bleach catalyst, bleach activators and optical brighteners. 

4. A capsule according to daims 1 -3. wherein sakj active is an enzyme or enzymes selected from the group consist- 
40 ing of proteases, lipases, amylases, cellulases, and oxkJases. 

5. A capsule according to claims 1-3, wherein said bleach activator is selected from the group consisting of 
tetraacetytethylenediamine. tetraacetyglycoluril, glucose pentaacetate, xylose tetraacetate, sodium benzpytoxy- 
benzene sulfonate and choline sulfophenyl carbonate. 

45 

6. A capsule according to claims 1 -3, wherein sakJ bleach catalyst is a manganese catalyst or a sullbnomlne or sul- 
ibnomine derivative catalyst. 



7. A capsule according to daims 1 -6. wherein saki polymer of (c) is a water soluble polymer or water dispersible pol- 
50 ymer selected from at least one of the group consisting of polyvinyl alcohol, a polyacrylamide. polyvinyl pyrrolidone, 

canrageenan, guar gum. xanthan gum. cellulose and protein. 

8. A detergent composition comprising: 

55 (a) 2 to 60% by weight of a surfactant selected from the group consisting of anronkx nonionic, cationtc, zwitte- 

rionic. soap and mixtures thereof; and 
(b) a capsule composition according any preceding claim. 



18 



EP06S3485B1 

PatentansprOche 



1. Kapselzusammensetzung, umfassend: 

(c) ane die OWisperaion von (b) umgebende Polymerechale 
. KapselnachAnspruchl.wobeiderAWivretotfeinhydrophite^ 

ralundCtidinajllophsrytaSJr. ' Ntlniii««^^ 

8. Waschmittelzusammensetzung, umfassend: 

(a) 2 bis 60 Gewicht^rozent eines Tensids, ausgewahit aus der (Snimo hoeii.K^ - ■ ■ 

(b) eine Kapselzusammensetzung nach einem voangehenden Anspruch. 
Revendications 

45 

1 . Composrtion de capsule contenant : 

J)unlngrMientac«quin'estpasassoci6dunpolymdrede-matrice-^^^ 

(c) une coque de polymdre entourant la dispersion d'huile de (b) 



10 



15 



20 



4. 

25 



30 

6. 



35 



40 



SO 



55 
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mdre de (c) est un polym^e soluble dans i'eau ou pouvant dtre disperse dans I'eau sdlectionnd k partir du 
groupe compost des polym^res synth6tiques non ioniques solubles dans I'eau. des polysaocharides modifies, 
des prot^ines et des prot^ines synth^tiques nmiifides. 

5 2. Capsule selon la revendication 1 . dans laquelle ledit ingr^ient actif est un ingr^ient actif hydrophila 

3. Capsule selon les revendicatlons 111 2. dans laquelle ledit ingrddient actif est s6lectionn6 d partir du groupe com- 
posd des enzymes, des blanchissants peracides, des cataiyseurs de blanchiment, dee activateurs de blanchiment 
et des Mairdssants optiques. 

10 

4. Capsule selon les revendicatlons 1^3, dans laquelle ledit ingredient actif est une enzyme ou des enzymes s6lec- 
tionn6e(s) k partir du groupe compost des prot^aseSp des lipases, des amylases, des cellulases et des oxydases. 

5. Capsule selon les revendicatlons 1 k 3, dans laquelle ledit activateur de blanchiment est s^lectionn^ k partir du 
IS groupe compost du t^traacdtyl^thyl^nediamine, du t^traac^glycoluril, du pentaac6tate de glucose, du t^aac^- 

tate de xylose, du benzoylcxybenz^e sulfonate de sodium et du sul1bph6nyl carbonate de choline. 

6. Capsule selon les revendicatlons 1 k 3, dans laquelle le catalyseur de blanchiment est un catalyseur manganese 
ou un catalyseur sulfbnomlne ou de d^iv6 de sulfbnomlne. 

20 

7. Capsule selon i'une des revendicatlons 1 k 6, dans laquelle ledit polymdre (c) est un polymers solutsle dans Teau 
ou pouvant §tre disperse dans I'eau s^lectionnd k partir d'au moins Tun des groupes compost de I'alcool de poly- 
vinyls d'un polyacrylamide, du polyvinyl pinrolidone, du carraghenane. de la gomme de guar, de la gomme de xan- 
thane, de la cellulose et de la prot6lne. 

25 

8. Composition d6tergente comprenant : 

(a) de 2 & 60 % en masse d'un agent tensloactif s6lectionn6 k partir du groupe compost des agents tensioac- 
tifs anioniques, non ioniques, cationiques, zwitterioniques, du savon ei des melanges de ceux-ci ; et 
30 (b) une composition de capsule selon I'une des revendicatlons pr6c6dentes. 
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